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ABSTRACT 

I l l i n o i s  #6 from t h e  Argonne Premium Coal Sample Program was g a s i f i e d  w i t h  and 
without c a t a l y s t  added. Cata lys t  l o a d i n g  e f f e c t s  and the  e f f e c t  o f  c a t a l y s i s  on 
screen f r a c t i o n s  were s t u d i e d  us ing  K,CO, as the c a t a l y s t .  The r e a c t i v i t y  
increased s i g n i f i c a n t l y  w i t h  each 2 . 8  w t %  o f  add i t iona l  potassium as potassium 
carbonate u n t i l  there  was 11 .3  w t %  potassium. The r e a c t i v i t y  increased s l i g h t l y  
w i t h  14 w t %  potassium and again s l i g h t l y  w i t h  17 w t %  potassium present. 
o f  the r e a c t i o n  w i t h  respec t  t o  carbon approached zero w i t h  the h igher  c a t a l y s t  
loading. Wood ash wi th i t s  h igh  potassium (12 w t % )  and calc ium content (47 wt%) 
was shown t o  be as good a c a t a l y s t  as t h e  K,CO,. 
northeastern Minnesota, i s  p l e n t i f u l ,  r e l a t i v e l y  inexpensive, has the requ i red  
c h a r a c t e r i s t i c s  f o r  bed m a t e r i a l ,  and may be a p o t e n t i a l  c a t a l y s t .  I n  t h i s  t e s t  
series, however, i t  e x h i b i t e d  on ly  s l i g h t  c a t a l y t i c  e f f e c t s .  

Beulah-Zap l i g n i t e  f rom t h e  Argonne Premium Sample Program was g a s i f i e d  w i t h  and 
without wood ash a d d i t i v e  as a bas is  f o r  comparison w i t h  I l l i n o i s  #6 r e a c t i v i t i e s .  

The order 

Taconite, an i r o n  ore from 

INTRODUCTION 

Catalyzed and uncatalyzed steam g a s i f i c a t i o n  o f  low-rank coa ls  (LRCs) t o  produce 
hydrogen-rich gas streams i s  a well-known process and i s  i n  commercial use today 
i n  t h i s  country (Dakota G a s i f i c a t i o n  Plant,  Beulah, North Dakota) and abroad. The 
successful process produces synthesis gas from which methane i s  produced t o  
supplement clean-burning na tura l  gas suppl ies.  Besides augmenting t ranspor tab le  
energy suppl ies,  g a s i f i c a t i o n  provides a means o f  c o n t r o l l i n g  undesirable 
emissions from coal  u t i l i z a t i o n  processes. S u l f u r  from t h e  g a s i f i e d  coal  i s  
contained w i t h i n  the  p l a n t  and i s  a by-product o f  t h e  process. Steam g a s i f i c a t i o n  
o f f e r s  a means o f  u t i l i z i n g  h igh-su l fu r  (noncompliance) coa ls  i n  such a way as t o  
e n t r a i n  and remove s u l f u r  gasses be fore  they are released t o  the atmosphere. 
environmental standards become more r i g i d  regarding s u l f u r  emissions, g a s i f i c a t i o n  
as a means o f  u t i l i z i n g  h igher  s u l f u r  content coals may become more a t t r a c t i v e .  

Low-rank coa ls  make good g a s i f i c a t i o n  feedstock due t o  inherent  c a t a l y s t s  i n  the 
form o f  s a l t s  o f  a l k a l i  and a l k a l i n e  ear th  elements and due t o  t h e i r  r e a c t i v e  
organic f u n c t i o n a l i t i e s .  These components g i v e  LRCs f i r s t  order carbon 
r e a c t i v i t i e s  o f  > 2 hr-’ a t  750°C (1). Raw low-rank coals have c o n s i s t e n t l y  been 
shown t o  have h igher  r e a c t i v i t i e s  i n  the g a s i f i c a t i o n  process than bituminous 
coals.  G a s i f i c a t i o n  o f  bituminous coa ls  could become f e a s i b l e  i f  the r e a c t i v i t y  
o f  those coa ls  w i t h  t h e i r  g rea ter  carbon conten t / lb  could be increased. Cata lys is  
brought about by a l k a l i  and a l k a l i n e  ear th  a d d i t i v e s  has been shown t o  increase 
the  r e a c t i v i t i e s  o f  these coals ( 2 , 3 ) .  
mater ia ls  i s  a major concern when c a t a l y s i s  i s  required. As a r e s u l t ,  r e a c t i v i t y ,  
and suppl ies o f  inexpensive p o t e n t i a l  a d d i t i v e s  needed t o  increase t h a t  
r e a c t i v i t y ,  becomes a pr imary  cons idera t ion  i n  s e l e c t i n g  g a s i f i c a t i o n  feedstock. 
Several p l e n t i f u l ,  n a t u r a l l y  occur r ing  m a t e r i a l s  (minerals)  are a v a i l a b l e ,  
inc lud ing  nahcol i t e ,  t rona, h a l i t e ,  l imestone, dolostone, potash, sa l tpe ter ,  and 

As 

Cost and a v a i l a b i l i t y  o f  c a t a l y t i c  
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sunflower seed hul l s ;  most of which have been invest igated as  c a t a l y s t s  ( 4 , 5 ) .  
The f i r s t  three mentioned minerals a r e  r ich  i n  sodium, t h e  next two a r e  r ich  in 
calcium, and the l a s t  th ree  a re  r ich  i n  potassium, a l l  of which a re  known t o  be 
good ca ta lys t s  f o r  the  coal gas i f ica t ion  react ion.  Potassium and sodium have 
proven t o  be the  best  c a t a l y s t s  of t h i s  group. The advantage of using sodium i s  
tha t  i t s  mineral deposi ts  a re  much more common than potassium mineral depos i t s ,  
making the  former l e s s  expensive. The major disadvantage of sodium i s  the 
agglomeration of p a r t i c l e s  and the  ash foul ing t h a t  i t  causes. Although i t  i s  
more expensive, potassium appears t o  cause l e s s  operat ional  problems. Therefore, 
i f  a source can be found t h a t  i s  l e s s  expensive t h a n  sources now ava i lab le ,  and i f  
recycling of the potassium can be made possible ,  potassium wi l l  become the best  
choice of  c a t a l y s t  from t h e  a lka l i -a lka l ine  ear th  mater ia ls  mentioned above. Wood 
ash which typ ica l ly  has a high potassium content may be such a c a t a l y s t .  

Transition metals have a l s o  been shown t o  catalyze the  coal g a s i f i c a t i o n  react ion.  
Taconite, a metal ore from Minnesota, i s  p l e n t i f u l ,  inexpensive, and r i c h  i n  iron, 
making i t  a candidate f o r  a gas i f ica t ion  addi t ive.  

This paper repor t s  the  r e s u l t s  of a bench-scale study of steam-char r a t e  
enhancement conferred t o  I l l i n o i s  #6 from the Argonne Premium Coal Sample Program 
by the presence of potassium carbonate (KJO,), wood ash, or  taconi te .  An Argonne 
sample of Beulah-Zap l i g n i t e  was gasif ied and reported on f o r  comparison. 

EXPERIMENTAL 

The coals  tes ted  were I l l i n o i s  #6 (Herrin seam) and Beulah-Zap (Beulah-Zap seam) 
from the Argonne Premium Coal Sample Program. They were received i n  10-gram l o t s  
in  sealed v i a l s  and were used d i r e c t l y  from the  v i a l s  without f u r t h e r  preparat ion,  
other than c a t a l y s t  addi t ion.  Unused sample was s tored under i n e r t  gas  i n  sealed 
20-mL s c i n t i l l a t i o n  v i a l s .  Proximate and ash analysis  a r e  shown i n  Table 1. 

Ten weight percent dry c a t a l y s t  was admixed with each coal t o  be tes ted .  
Dispersal of the  ca ta lys t  was accomplished by shaking the coal-addi t ive mixture 
vigorously in  closed v i a l s  f o r  ca .  ten minutes. The c a t a l y s t s  were prepared by 
combustion i n  a i r .  Hardwood (cottonwood and aspen) ash was prepared i n  a small 
batch. The cottonwood/aspen ash was the remnants of a domestic f i r e p l a c e  f i r e .  
The plywood ash was provided by Northwood Panelboard Co, Solway, Minnesota. 

Approximately 40  milligrams of coal o r  coa l /ca ta lys t  mater ia l  is  loaded onto the 
pan of the  DuPont 951 thermogravimetric analysis  microbalance module. The quartz  
tube enclosing t h e  pan and serving as  the react ion chamber i s  secured by a knurled 
n u t  t o  the  balance housing. 
pressure argon flow a t  ca. 160 cm3/min. The sample i s  heated a t  -100'C/min t o  the 
ta rge t  temperature a t  which point the  H,O,,, flow i s  introduced through the s i d e  arm 
of the  quartz  tube, and argon flow i s  reduced to  ca. 60 cm3/min. 
carr ied out a t  700", 750", and 800'C. 
bag for  analysis  by GC. 
1090 data  s t a t i o n  f o r  l a t e r  data  reduction. 

RESULTS AND DISCUSSION 

I l l i n o i s  #6 and Beulah-Zap l i g n i t e  from the  Argonne Premium Coal Sample Program 
were gasif ied w i t h  and without ca ta lys t  added. 
uncatalyzed bituminous coal char had typical  low r e a c t i v i t i e s  w i t h  steam in the 
700"-800'C temperature range when compared w i t h  those of  low-rank coa l .  
uncatalyzed Beulah-Zap r e a c t i v i t i e s  a t  each of  the  three  temperatures were 40-50 

2 wt.% added potassium, the  difference was reduced t o  c ten times and w i t h  5 ut% 
added potassium, .< 2 times. 
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The reaction chamber i s  purged with an ambient 

The react ion was 
Total gas e f f l u e n t  can be co l lec ted  i n  a gas 

Weight, time, and temperature a r e  s tored by t h e  DuPont 
I 

A s  shown in Table 2 ,  t h e  

The > 
> times grea te r  than those of the I l l i n o i s  #6. However, i n  the  presence of only 1- 



Catalyst  load ing  e f f e c t s  and the  e f f e c t  o f  c a t a l y s i s  on screen f r a c t i o n s  o f  
I l l i n o i s  #6 were s tud ied  using K,CO, as t h e  model c a t a l y s t .  
increased s i g n i f i c a n t l y  w i t h  each 2.8 w t %  o f  a d d i t i o n a l  potassium as potassium 
carbonate, u n t i l  t h e r e  was 11.3 w t %  potassium as shown i n  Figure 1. As potassium 
concentrat ions were increased t o  14 w t %  and 17 w t % ,  t h e  r e a c t i v i t y  increased on ly  
s l i g h t l y .  
concentrat ion decreased. The order  o f  the  r e a c t i o n  w i t h  respec t  t o  carbon 
approached zero w i t h  t h e  h igher  c a t a l y s t  loading, as shown i n  Figure 2. 

I l l i n o i s  #6 was sieved t o  ge t  s i z e  f r a c t i o n s  f o r  r e a c t i v i t y  t e s t i n g .  The 
f rac t ions  c o l l e c t e d  were t 6 0  mesh (>0.250 mm), -60x100 mesh (0.250>p>0.149 nun), 
-100x140 mesh (0.149>p>0.105 mm), -140x200 mesh (0.105>p>0.074 mm), and -200x325 
mesh (0.074>p>0.044 mm). F igure 3 shows the r e a c t i v i t y  as a f u n c t i o n  o f  those 
sieve f r a c t i o n s .  

Hardwood ash w i t h  i t s  h i g h  potassium (12 w t % )  and calc ium content (47 w t % )  was 
shown t o  have promise as a c a t a l y s t .  Increased r e a c t i v i t y  brought about by d r y  
wood ash was s l i g h t l y  l e s s  than t h a t  o f  an equ iva len t  amount o f  KJO,, bu t  the  
a p p l i c a t i o n  o f  d r i e d  aqueous e x t r a c t  o f  the  ash c o n t a i n i n g  39 w t %  potassium d i d  
provide an equ iva len t  increase i n  r e a c t i v i t y .  
northeastern Minnesota, i s  p l e n t i f u l ,  r e l a t i v e l y  inexpensive, and has the  requ i red  
c h a r a c t e r i s t i c s  f o r  a bed m a t e r i a l ,  and may be a c a t a l y s t  f o r  the coal  char-steam 
reac t ion .  I n  t h i s  t e s t  ser ies ,  however, i t  e x h i b i t e d  o n l y  s l i g h t  c a t a l y t i c  
e f fec ts .  

I l l i n o i s  #6 agglomerated when heated t o  the  g a s i f i c a t i o n  temperatures. However, 
add i t ion  o f  K,CO, t o  the  coal  r e s u l t e d  i n  no observable agglomeration. A s i m i l a r  
e f f e c t  was noted on a d d i t i o n  o f  the  hardwood ash as a r e a c t i o n  c a t a l y s t ,  whereas 
add i t ion  o f  the ash from a plywood p l a n t  d i d  not prevent agglomeration. Table 3 
shows the  elemental analyses o f  the  ash from the coal  w i t h  10 w t %  a d d i t i v e .  The 
softening and c o l l a p s i n g  o f  pores dur ing  agglomeration and subsequent decrease i n  
surface area i s  a t  l e a s t  p a r t i a l l y  responsible f o r  t h e  low r e a c t i v i t y  o f  the coal .  
The a d d i t i o n  o f  potassium carbonate and the hardwood ash r e s u l t e d  i n  decreased 
agglomeration as w e l l  as an increase i n  r e a c t i v i t y ,  whereas the  ash from the 
plywood f a c i l i t y  had l i t t l e  e f f e c t  on e i t h e r .  
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TABLE 1 

PROXIMATE AND ASH ANALYSES OF ILLINOIS #6 BITUMINOUS AND 
BEULAH-ZAP LIGNITE FROM THE ARGONNE PREMIUM COAL SAMPLE PROGRAM 

I l l i n o i s  #6 Raw ITGAl Beulah-Zao Raw f T G u  

SamDle - AR - MF - AR - MF 
Moisture,  wt% 9.41 -- 32.66 -- 
V o l a t i l e s ,  w t %  34.75 38.36 30.19 44.83 
Fixed C, wt% 41.08 45.35 30.67 45.54 
Ash, w t %  14.76 16.29 6.49 9.64 

XRF Analysis o f  Coal Ash 

Ill. #6 Beul ah-Zal 

Element % o f  Ash % o f  Coal % o f  Ash % o f  Ash 
S i l i c o n  20.43 3.33 0.88 0.86 
A1 uminum 9.68 1.58 5.35 0.52 
I r o n  12.59 2.05 5.88 0.57 
T i tan ium 0.60 0.10 0.42 0.04 
Phosphorous 0.09 0.01 0.31 0.03 
Calcium 5.64 0.92 16.72 1.63 
Magnesi um 0.72 0.12 6.27 0.61 
Sod i um 0.00 0.00 4.01 0.39 
Pot ass i um 2.41 0.39 0.33 0.03 
S u l f u r  2.72 0.44 6.37 0.62 

TABLE 2 

REACTIVITIES OF UNCATALYZEO AND CATALYZED COAL CHAR WITH STEAM* 

I l l i n o i s  #6 Beul ah-Zap 

Cata lys t  None K,CO, A' BZ c3 Tac. None A' 

Temp, "C 

k, hr - '  

2.30 3.64 
3.01 0.41 7.76 8.67 

14.61 10.41 

-_ _- -- -- 700 0.06 -- 
750 0.15 4.36 -- _- 
800 0.33 -- 0.35 0.54 -- -- 

E., kcal/mol 5.57 38.53 

* Assumed 1 s t  o rder  w i th  respec t  t o  carbon. 
A Provided by Northwood Panelboard Co. 
B Residue from combustion o f  cottonwood/aspen. 
C Aqueous e x t r a c t  o f  hardwood ash. 
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TABLE 3 

XRF ANALYSES OF ASH FROM COAL +lOWT% CATALYST, w t %  

WlI11. #B w/B-ZaD 
XRFA Resul ts  Ill. #6 

S i  1 i con 
A1 uminurn 
I r o n  
Titanium 
Phosphorous 
Calcium 
Magnesium 
Sodi um 
Potassium 
Su l fu r  

3.33 
1.58 
2.05 
0.10 
0.01 
0.92 
0.12 
0.00 
0.39 
0.44 

0.86 
0.52 
0.57 
0.04 
0.03 
1.63 
0.61 
0.39 
0.03 
0.62 

4.49 
1.95 
2.26 
0.14 
0.07 

0.59 
0.12 
1.12 
0.63 

3.88 

5.04 2.58 
1.97 1.77 
2.22 2.27 
0.12 0.11 
0.06 0.02 
3.39 1.26 
0.46 0.16 
0.07 0.01 
1.07 0.50 
0.57 0.50 

Tota l  % 8.94 5.30 15.26 14.97 9.18 

I L L I N O I S  #6 CHAR-STEAM REACTION AT 750C 
EFFECT OF AOOED POTASSIUM 

9 

8 -  

7 -  

8 -  
Y 

- 
> 
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0 . 0 0  6.20 12.39 

POTASSIUM CONTENT, WT% 
18.59 

Figure 1. E f f e c t  o f  KJO, c a t a l y s t  l oad ing  on I l l i n o i s  #6 char-steam r e a c t i v i t y  a t  
750°C. 
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EFFECT OF ADDED POTASSILM ON REACTION OROER W I T H  RESPECT TO CARBON 
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F i g u r e  2 .  E f f e c t  o f  potassium l o a d i n g  on o r d e r  o f  I l l i n o i s  #6 char-steam r e a c t i o n  
w i t h  r e s p e c t  t o  carbon. 

EFFECT OF PARTICLE S I Z E  ON GASIF ICATION OF I L L I N O I S  06 
UNCATALYZED I L L I N O I S  #6 SCREEN FRACTION CWR-STEAM R E A C T I V I T I E S  
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TOP PARTICLE SIZE,  urn 

F i g u r e  3.  E f f e c t  o f  e x c l u s i o n  o f  p a r t i c l e  s i z e  on I l l i n o i s  #6 char-steam 
r e a c t i v i t y .  
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